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Abstract
Objective: The purpose of our work was to study and compare the cornea and tear film of people and sheep
inhabiting in a region of Argentinean Patagonia (PATG), and in a geographically and climatically different region in
the Argentinean Pampa (CAPT).
Methods: Using cross sectional study, corneal examinations were performed in people and Merino sheep
inhabiting PATG and CAPT regions, respectively. All people completed a questionnaire related to work activity, diet,
and the use of hats or sunglasses during their life. Eyes from all participants were examined with a portable hand-
held slitlamp biomicroscope (BM) to evaluate corneal appearance, epithelium integrity, and transparency. Later on,
in a subgroup of participants we studied eyeblinking frequency (EBF), ocular surface staining (FS), breakup time
(BUT), Schirmer Tear Test (STT), corneal structure using confocal laser scanning microscopy (CLSM) and light
microscopy (LM), and concentrations of serum ascorbate (sAA).
Results: BM studies revealed numerous cases of Climatic Droplets Keratopathy (CDK) only in people inhabiting
the PATG region. CLSM studies confirmed typical punctiform deposits at the Bowman´s layer in CDK patients living
in that region. CLSM images from sheep did not show any abnormalities at the Bowman´s layer but exhibited small
hyper reflective dots at the epithelium only in animals pasturing in the PATG region. FS and EBF mean values were
significant higher in sheep grazing in the PATG region (p <0.05). No differences were found in surface eye tests
when people from both regions were analyzed. Low sAA levels were found only in CDK people living in PATG
region.
Conclusions: CDK is a multi-factorial disease not only associated to harsh climate. We provide data that low
sAA levels can play a role in its genesis in Patagonia patients’... Sheep pasturing in this region with a high
prevalence of CDK have high concentration of sAA and did not present any sub epithelial corneal abnormalities.
Keywords: Climatic Droplet Keratopathy; Corneal degeneration;
Argentinian Patagonia; Argentinian Pampa; Human; Sheep; Ocular
surface
Introduction
CDK is a degenerative and potentially handicapping human corneal
disease suffered by people living in particular places around the world.
This disease is characterized by slow progression of corneal opacity.
The first description of a corneal disease that may have been CDK was
made in 1898 by Baquis [1] and three decades later by Lugli [2]. Since
then, different descriptions of this disease have been made in different
parts of the world characterized by constant winds, low humidity, and
chronic exposure to ultraviolet radiation (UVR). Although we have
made some significant advances towards the understanding of CDK
pathogenesis over the past few years, we still lack detail of molecular
events taking place during CDK onset and progression [3]. The
decrease of corneal antioxidant protective mechanisms results in
oxidative injury of the cornea and causes damage by UVB rays and by
reactive oxygen species generated by them. Ascorbic acid (AA) is one
of the molecules which have an important role in the control of
oxidative stress and therefore prevent molecular abnormalities that can
be produced in the cornea [4].
We have found CDK and performed some ophthalmological studies
on individuals who work out in the open as sheep herders during
much of the day and throughout the year in a region of the
Argentinean Patagonia (El Cuy Department, Province of Río Negro)
[5,6]. The Patagonia region is recognized as one out of three
geographically and climatically distinct sheep-breeding regions in
Argentina, being the Pampa and Puna the other two areas.
The objectives of this work were: a) to study the prevalence of CDK
in an area of El Cuy department, Province of Río Negro, in the
Argentinean Patagonia, and in a climatically different region of the
Argentinean Pampa (area of the Capital department in the Province of
Córdoba); b) To investigate if adult sheep grazing in these Argentinean
regions have any subepithelial degenerative cornea disorder similar to
CDK; c) to determine serum AA (sAA) concentrations in humans and
sheep from both areas and d) to perform different ocular surface tests
as well as structural studies of the epithelium and sub epithelial
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portions of the corneas in both groups of people and animals in order
to assess differences between them, if any.
The sheep cornea and tear film data reported in this study will
probably benefit vets by enhancing the diagnostic accuracy of
ophthalmic corneal diseases in these animals since there is not too
much information about ovine anterior eye structures [711].
Materials and Methods
Study design and participants
A crosssectional study was carried out in individuals older than
thirty years who live during their entire life in El Cuy department,
Province of Río Negro, of Patagonia region (PATG), n=110; or in the
Capital department, Province of Córdoba, of the Pampa region
(CAPT), n=102. This investigation was approved by the Institutional
Review Board of the Catholic University of Córdoba, and the
Institutional Research Ethics Committee of Health, Ministry of Health
of the Province of Córdoba, Argentina (recorded in the RePIS), and
carried out in accordance with the principles of the Statement of
Helsinki. Non probabilistic consecutive patients read a summary of the
research project, agreed to take part in the study, signed a written
consent, were examined by specialists in ophthalmology and a blood
sample were collected.
On the other hand healthy female Argentinean Merino sheep aged 5
to 7 years old from the two regions were also included in this study.
Ninety animals grazed in the PATG region and 80 animals in the
CAPT area. In each region we studied sheep from two farms. All
procedures were in accordance with the Association for Research in
Vision and Ophthalmology (ARVO) Statement for the Use of Animals
in Ophthalmic and Vision Research.
Regions
The geographic localization of the PATG and CAPT regions is
shown in figure 1. The PATG region is located in the central area of the
Province of Río Negro, northern Patagonia, Argentina, at 750 meters
above sea level, 67° 54'69º 04’ west longitudes and 38° 56'40º 25' south
latitude. It is situated at 280 kilometers to the west border and 300
kilometers from the Atlantic Ocean. This region has a cold semiarid
climate (Bsk, KöppenGeiger climate classification) [12], with annual
rainfall being less than 190 mm, strong winds, hot summers and cold
winters, great temperature variations between day and night, and low
and shrub vegetation. The annual mean temperature range in this
region of Patagonia is 4.6-18.2°C. The CAPT region is located in the
central part of Argentinean Pampa, Córdoba Province, at 450 meters
above sea level, 64° 11'64°82' west longitude, and 31° 18′31º 34′ south
latitude. It has a temperate semihumid climate (Cwa: KöppenGeiger
climate classification) [12], with annual rainfall being 500 mm. The
summers have hot days and cool nights, and winters are generally dry,
not overly cold. The average temperature is between 16 and 17°C, and
the annual amplitude is from 14 to 15°C. Winds from the east and west
are rare but in spring strong winds blow from the north. In summer
there are frequent storms.
Figure 1:Map of Argentina showing the two regions included in this
study.
Ocular surface studies
At initiation of the study people from both regions answered to a
questionnaire related to diet, work activity, and the wear of eye
protection from their early adulthood until that day, and their eyes
were examined with a portable handheld slitlamp biomicroscope (Led
Slit Lamp XL1, Shin Nipon, Ohira Co., Niigata, Japan) by specialists.
Next, ocular surface tests were performed on 20 CDK patients from
PATG region and 20 individuals from the CAPT region selected at
random. The first test measured eye blink frequency (EBF) for 1
minute immediately prior to the other test. A second test was
fluorescein staining (FS) to evaluate epithelium integrity, followed by
breakup time (BUT); those were evaluated as previously described. [5]
FS was recorded on a 4point subjective scale
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(i.e. 0=no colorant uptake; 1=discrete uptake; 2=moderate uptake;
3=marked uptake). The values of tear production were measured by
STTI in sheep or STTII in human as previously described [10,6].
In vivo CLSM structural studies were performed in three patients
with different grades of CDK (PATG region), three individuals from
CAPT region, and ex vivo CLSM studies were also done in three sheep
from each region, selected at random. The central corneas were
examined with a Rostock Cornea Module/Heidelberg Retina
Tomograph II (Heidelberg Engineering GmbH, Heidelberg, Germany)
as previously described [13,14]. Images through all layers of the central
cornea were obtained, digitally stored and then analysed using image
processing and analysis software programs as previously described
[14]. Light microscopy studies were performed in corneal specimens as
previously described [13].
Ascorbate serum concentration
The levels of serum ascorbate (sAA) were studied in the same
twenty randomly selected participants (humans and sheep) from each
region by high performance liquid chromatography [15].
Data analysis
Since there were not significant differences between right and left
eyes measurements for all the studies, we performed the analysis with
values from the left eyes in order to avoid inflation of the degree of
freedom. Mean and standard error of the mean (SEM) were calculated.
The ocular surface tests values from the two groups were compared
using multivariate analysis of variance, and each variable was then
analyzed separately using binomial logistic regression, ManWhitney or
Student t test. The sAA data were analyzed using Student t test. The
Infostat software 2014 was used to analyse data and the level of
statistical significance was set at p ≤ 0.05.
Results
At initiation of the study, both eyes of the 110 individuals and 90
animals inhabiting in an area of the Patagonia region (PATG), and 102
individuals and 80 animals living in an area of the Pampa region
(CAPT), were examined with a portable handheld slitlamp
biomicroscope. As it can be seen in table 1, twenty five individuals
living in PATG region (22.7%) have CDK characterized by the typical
deposits under the epithelium. By contrast, sheep corneas from the
same region were transparent and none of them showed sub epithelial
opacities, or signs similar to CDK. In addition, no abnormalities were
found in corneas from patients or sheep inhabiting in an area of the
central Argentinean Pampa (CAPT).
Participants
REGION #
People PATG
(n=110)
People CAPT
(n=102)
Sheep PATG
(n=90)
Sheep CAPT
(n=80)
Age range
(years)
(31-88) (31-81) (5-7) (5-7)
Mean ± SD 56 ± 12 53 ± 11
Gender
(M/F)
(72/38) (61/41) 0/90 0/80
Corneas
with
deposits
beneath the
epithelium
50 0 0 0
Table 1: Abnormal deposits beneath the corneal epithelium.
Ocular surface tests were performed on participants selected at
random from each region, and there were not significant differences
between right and left eyes measurements for all the studies.
Tests groups Eye Blinking Frequency (Blink/min) Breakup time (seconds) Schirmer tear test I (mm)
Sheep PATG n=20
(Mean ± SEM) 10.7 ± 0.3a 8.2 ± 0.2b 22.3 ± 0.6c
(range) (815) (610) (1530)
Sheep PATG n=20
(Mean ± SEM) 9.3 ± 0.2 8.4 ± 0.2 20.4 ± 0.5
(range) (714) (612) (1627)
Tests groups Eye Blinking Frequency (Blink/min) Breakup time (seconds) Schirmer tear test II (mm)
People PATG (CDK) n=20
(Mean ± SEM) ND 9.2 ± 0.7e 10.1 ± 0.4f
(range) (614) (814)
People PATG (CDK) n=20
(Mean ± SEM) ND 10.3 ± 0.5 11.6 ± 0.6
(range) (614) (814)
(715) (817)
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ND: No done. Sheep PATG vs. sheep CAPT. a: p= 0.04; b: p= 0.60; c: p= 0.27. Individuals PATG (CDK) vs. individuals CAPT. e: p= 0.33; f: p= 0.15.
Table 2: Ocular surface tests.
Each ocular surface tests from the two human and two sheep
populations were compared and analyzed separately. All participants
showed a FS score > 0 with punctuates or linear superficial erosions,
but the mean values were significant higher in people and sheep from
the PATG region (p <0.001). Table 2 summarized data of the other
ocular surface tests from both groups of participants.
Figure 2:Confocal laser scanning microscopy representative images
of oblique sections of sheep and human corneas showing the
epithelium, Bowman’s layer, and anterior stroma. (A) Normal
appearance of the sub epithelial area in sheep pasturing the
Argentinean Pampa (CAPT); (B) numerous hiperreflective dots in
the epithelium of sheep’s cornea pasturing the Patagonia region of
Argentina (PATG); (C) Normal human cornea (CAPT) shows
absence of sub epithelial hyperreflective deposits; (D) CDK grade 1
shows reflective punctiform or dot like deposits at the Bowman´s
layer level; (E) CDK grade 2 shows increased density of the hyper
reflective punctate deposits in the Bowman´s layer and superficial
stroma; (F) CDK grade 3 shows condensation of punctiform hyper‐
reflective deposits and large globular non reflective deposits in the
Bowman´s layer and superficial stroma. (C, D, and E) are
representative images from CDK patients from PATG region.
Original magnification: (400 400 m). Bars = 50 m.
Mean for EBF was also significant higher in animals from the PATG
region (p=0.04). Themeans values for BUT and STT1 did not show any
significant differences between both groups of animals (p=0.60 and
p=0.27, respectively); and between CDK patients and people
inhabiting in CAPT region (p=0.33 and p=0.15, respectively).
Representative CLSM oblique images of the epithelium and sub
epithelial zones of sheep cornea from PATG and CAPT regions, and of
human corneas with and without CDK (PATG and CAPT regions,
respectively) are shown in figure 2. The CLSM studies showed
differences between both groups of sheep only in the epithelium. The
intermediate and basal cell epithelial layers did not show any
abnormality in sheep pasturing the CAPT region (Figure 2A), whereas
small hyper reflective dots could be seen at this layer in PATG animals
(Figure 2B). Deposits in the Bowman´s layer and in the superficial
stroma were found on CDK human specimens but not in any animals
(from both studied areas) or human corneas from CAPT region
(Figure 2D, 2E, and 2F). CLSM studies also showed no differences in
stroma and endothelium among eyes participants of both groups (data
not shown).
Light microscopy studies performed in the same corneas used for
CLSM from animals of both regions did not present any abnormal
deposits beneath the epithelium, like the ones observed in a CDK
corneal specimen. Representative images are shown in figure 3.
Figure 3:Light microscopy images of corneal epithelium and
anterior stroma specimens from: A) Normal human cornea; B)
CDK; C) sheep from PATG region; D) sheep from CAPT region.
Bars=30 m (A and B); bars=100 m (C and D).
There were not significant differences in the levels of sAA found in
the sheep grazing in PATG and CAPT regions (0.64 mg/dl±0.12, and
0.72 mg/dl±0.15, respectively). These amounts of sAA were similar to
the concentrations found in individuals leaving in the CAPT region.
As can be seen in table 3 the main dietary habits of individuals in
the PATG region are the consumption of mutton and its entrails
ingested many times a day, with very scarce amounts of milk,
vegetables and fruits taken sporadically. In contrast, individuals
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inhabiting CAPT region have a more balanced diet consisting of
different animal´s meat, vegetables, cereals and its byproducts, dairy
products and fruits. Dietary deficiency in foods rich in AA was
reflected in the low sAA levels found in the individuals with CDK
living in PATG region mg/dl ± 0.09). These concentrations of sAA
differed significantly (p<0.05) from individuals inhabiting in CAPT
region (0.94 mg/dl ± 0.22).
Diet Water Artificial
juices
Infusion Poultry
meat, its
entrails
and/or its
byproducts
Beef, Pork, Mutton,
its
entrails
and/or its
byproduct
s
Dairy
products
Vegetables Cereals
and/or its
byproducts
Fruits
People
from
PATG
region
+++ ± ++
(Yerba
mate)
- - - +++ ± - - ±
CAPT
region
+++ ++ ++
(Yerba
mate,
tea, and
coffee)
+ ++ + - ++ ++ ++ ++
: Never; ±; Rarely; + : Sometimes; ++: Normally; +++: Always
Table 3: Summary of questionnaire about diet.
Individuals in PATG region are mainly dedicated to sheep farming
and sheep shearing during 78 hours per day and throughout the year
without wearing any eye protection (hat, cap, sun glasses, while
individuals in the CAPT region work 78 hours during 6 days in the
week with 45 days of vacations during the year on different jobs but
most of them are indoor activities (factories, stores,etc), and they do
not wear eye protections any time during the year.
Discussion
The purpose of our study was investigate the presence of CDK and
establish the prevalence of this corneal disease in individuals
inhabiting two climatically different regions in Argentina and provided
a description on the corneal structure and tear film in these individuals
as well as in sheep pasturing the same regions. One of the regions is the
northwest area of the Patagonia (PATG) which has a cold semiarid
climate or steppe climate. The other region is part of the Pampa region
(CAPT) which has a Mediterranean climate because it is in a temperate
zone of central Argentina.
CDK has been defined as a rural disease in which the clinical
presentation and severity of corneal injures can vary significantly
depending on the region and its weather. Although globular deposits
in the anterior layer of the corneas with CDK were described many
years ago using optical and transmission electron microscopy, [16,17]
more recently, these anomalies have been further characterized by us
using CLSM. [18] As CDK is an ocular surface disease and the analysis
of the tear proteins may result in further understanding of this disease,
we studied tears glycoproteins in CDK patients using glycopeptide
capture techniques and proteomics. Our results suggest that the
enzymatic glycosylation may also be involved in the formation of
deposits in CDK, since altered levels of Nglycosylation of certain
proteins were observed in the tears of patients with CDK [19].
We have also investigated matrix metalloproteinases (MMPs) and
their inhibitors, TIMP, in patients with CDK, because these molecules
control the degradation of the corneal epithelium and stroma. We
showed increased levels of gelatinases and pro inflammatory cytokines,
as well as decreased expression of TIMP1 in tears and biopsies of
patients with CDK. Similar results were obtained when corneal
epithelial cells were exposed to UVR in vitro [20,21]. This data suggests
that the pathogenesis of this disease is partly driven by a significant
inflammatory response with the poor antiproteolysis shield making the
cornea more vulnerable to increased levels of MMPs. We have also
shown that in patients with CDK a hypersensitive reaction occurred in
the cornea with the initial participation of important pro inflammatory
components of the innate immune system [22].
Based upon these results our hypothesis about the genesis of CDK
was that in the cornea of those people chronically exposed to
unfavorable climatic conditions (dry climate with windy conditions,
airborne particle bombardment, and prolong exposure to UVR, an
inflammatory processes lead to a progressive degradation and
accumulation of proteinaceous material in Bowman's membrane and
the superficial stroma.
It is well known that corneal exposure to UVR can induce altered
proteins, DNA fragmentation, free radical generation, and lipid
peroxidation, affecting primarily the anterior segment of this tissue.
But fortunately high content of some proteins, and AA in the corneal
epithelium function as a filter, by absorbing a high proportion of UVR
dangerous wavelengths [23].
Our studies revealed numerous cases of CDK in individuals
inhabiting the PATG region but no cases of the disease in individuals
from the CAPT region who are not exposed to harsh environmental
conditions. The analysis of individuals’ dietary habit from both regions
clearly showed a marked difference among them. In contrast to the
individuals inhabiting CAPT region who have normal concentration of
sAA as the result of a balance diet, people living in PATG region have
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low sAA levels since almost exclusively the main food source for them
is the sheep meat.
When we studied old adult sheep that graze in the same region of
Patagonia where we detected high prevalence of CDK (and therefore
these animals were exposed to the same environmental conditions as
patients with this disease) it was found that, despite having superficial
corneal abrasions, the animals cornea did not have any other structural
abnormality such as the sub epithelial proteins accumulation observed
in CDK patients. It is worth to note that the sAA levels detected in
sheep from both regions of Argentina were similar to the
concentrations of this vitamin found in normal human sera. Sheep are
able to synthesize AA from the grass they eat and the sAA is
concentrated into the animal´s cornea where it plays critical and
multifaceted roles in protecting this part of the eye from oxidative
stress, such as the one produced by prolonged exposure to UVR [23].
Bats, guinea pigs and primate anthropoids, including humans, have
lost the ability to synthesize AA as a result of mutations of Lgulonoγ‐
lactone oxidase (GULO) genes, and this powerful anti-oxidant must be
incorporated in the diets of these species [24]. This explains why
people in the PATG region have very low content of sAA due to the
fact that their diet is very restricted and poor in this vital anti-oxidant
(Table 3).
This part of the work corroborates evidences (recently reviewed by
us) that CDK is a multifactorial disease associated to particular
climatic conditions and prolonged exposure to UVR [3]. It is also
possible that other contributing factor in the genesis of this corneal
degenerative disease is a deficiency of AA. This is support by some data
presented here and by other work we did published on September in
which we documented the beneficial effect of diets rich in AA and / or
an adequate eye protection with sun glasses or hats in preventing
development of CDK in different Argentinean human populations
exposed to similar climatic conditions and working in outdoor
activities most of the day for many years of their life [25].
In the current paper we also investigated different parameters of
sheep cornea to search for any abnormality in these animals pasturing
regions with different environmental conditions. To the best of our
knowledge, there is a scarcity of anatomical and clinical information
regarding the anterior segment of the ovine eye. The first description of
the orbit, ocular adnexa, eye globe and eyelid in sheep was reported by
Prince et al. [7] Galán et al. [26] reported similarities and differences in
the ocular fundus between sheep and goat eyes. The use of a topical
endoscopic technique allowed Guyomard et al. [9] to view the anterior
segment, the iridocorneal angle and the posterior segment in eyes of
sheep and other animal species. After the first report of sheep cornea
by Prince et al. [7]; Scott and Bosworth [8] provided a comparative
biochemical and ultrastructural examination of corneal proteoglycan‐
collagen interactions between sheep and other species. Recently, the
expression levels of the tolllike receptors (TLRs) 110 mRNA in the
corneal epithelial cells of various ruminants, including sheep, have
been assessed [27]. More recently Reichard et al. [28] studied the
cornea anatomy using CCFM of different laboratory animals including
only one Pomeranian Coarsewool sheep, and Ghaffari et al. [10]
established reference values for Schirmer Test and intraocular pressure
in the Sanjabi sheep.
Our initial results using in vivo slitlamp BM examination indicated
a transparent cornea in all animals from both regions. BUT mainly
evaluates the lipid and the mucous layers of the tear film [29]. The lipid
layers have been correlated with this tear film stability with increased
BUT implying a low rate of evaporation [3031]. Since no information
about ocular surface mucins in sheep is available, we used the BUT
functional test to indirectly evaluate the presence of lipid substances or
mucin that would be correlated with evaporation.
Our BUT values did not show any differences between animals
grazing in the Pampa and the Patagonia regions, and BUT values were
much shorter than those for other species [32]. It could be arguing that
this short BUT may have placed sheep at higher risk for corneal
ulceration. However, no corneal ulceration was observed in any
animals, supporting the fact that sheep have efficient corneal protective
mechanisms such as the nictitating membrane and high
concentrations of lysozyme [33].
The tear film, composed of lipid, aqueous and mucin, has different
roles such as nutritional, protective, and specific antibacterial and
immune functions [29,3435]. Royle et al. [36] when comparing the
structure of the Olinked glycans derived from the ocular mucins of
rabbit, dog and human, demonstrated a speciesspecific glycan
expression, with implications for the defensive properties when
different microbial and environmental challenges are encountered. The
blinking activity maintains the physiological thickness of the preocular
surface by homogenously distributing a tear film over the corneal and
conjunctival surface. EBF in dogs is 3–5 times/min; in cats: 1–5 times/
5 min; in horses: 5–25 times/min, in cattle: 5 times/min, [37] and in
pigs 10 times/min. [38] Comparable to cattle, we reported here that
sheep blinked 715 times/ min. Moreover we found that in the PATG
region animals blink more frequently than in the CAPT region
(p=0.04). The FS showed more quantity of erosions in eyes corneas
from PATG animals (p<0.001). The significant differences in FS and
EBF could be attributed to the harsh environmental conditions of the
Patagonia region, which is characterized by low humidity and strong
winds that conveys many of the arid soil particles as opposed to the
Pampa region, which is characterized by temperate climate and a
higher humidity.
The STTI has been widely used for evaluation of the basal and reflex
tear production. Results can vary depending in the location and
absorptive capacities of strips and the individual performing [3940].
The STTI mean values were comparable in both groups of Merino
sheep grazing in different areas of Argentina (p=0.27), and were very
similar to those reported in the Sanjabi sheep [10,26].
CLSM has become a useful tool during recent years for cornea
examination of human as well as other animal species. [14,28,4142] As
far as we know this is the first CLSM study of sheep corneas showing
differences in epithelium in animals grazing in an area with extreme
environmental conditions such as the Patagonia region in Argentina.
As it can be seen in figure 2 (A, and B) only sheep inhabiting in this
region displayed small hyper reflective dots. These abnormalities are in
agreement with our finding of more quantity of erosions in corneas
from PATG animals. In contrast to human corneas with CDK (Figure 2
D, E, F) there were not any abnormalities in the Bowman layer and
superficial stroma in sheep from any region or human corneas from
CAPT region (Figure 2 A and 2B; figure 3 A, 3C and 3D).
In conclusion our study provides data for prevalence of CDK as well
as external eye testing in individuals inhabiting two climatically
different Argentinean regions. We also report values for FS, EBF, STTI,
and BUT in Argentinean Merino sheep, which will increase the
knowledge about the ophthalmological aspect of this animal, allow the
establishment of reference values for ocular surface tests, and benefit
vets, since it is worth to mention that we have found differences in
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some of these tests between sheep pasturing in PATG vs. CAPT
regions. Moreover we found that sheep that have lived many years in
the same Patagonia region (PATG) and have been exposed to the same
environmental conditions that CDK patients, despite having moderate
corneal erosions and small hyper reflective dots in the epithelium, did
not show any abnormalities at the sub epithelial layers as patients with
CDK in the same region. The differences observed between PATG and
CAPT sheep could be attributed to environmental conditions, and the
lack of proteinaceous aggregated beneath the epithelium could be
attributed to the fact that sheep, in contrast to CDK patients, have
normal concentrations of AA which contribute to protect their corneas
from oxidative stress produced by harsh environmental conditions.
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